During March 2011 an outbreak
Waterborne outbreaks can be prevented through water disinfection, providing chlorine levels which are adequate to inactivate NoVs (Shin & Sobsey ) . NoVs can be classified into five genogroups, GI to GV (Green ) . More than 30 genotypes within genogroups GI, GII, and GIV may infect humans (Kroneman et al. ) , but a single genotype, GII.4, has been associated with the vast majority of NoV-related outbreaks and sporadic cases of AGE worldwide (Bok et al. ) . Within the GII. Here we report the results of an investigation carried out during an outbreak of NoV gastroenteritis associated with drinking water from a municipal supply network fed by groundwater in Santo Stefano di Quisquina, Agrigento, Sicily, Italy.
We investigated the outbreak in order to identify the source of infection and implement appropriate control measures.
METHODS

Outbreak description
On March 4, 2011, the Public Health Agency of Agrigento, Sicily, Italy, was alerted about an unexpectedly high number of individuals who had fallen sick with gastrointestinal symptoms during the previous days in Santo Stefano di Quisquina, a small municipality with an area of 85.94 km 2 and a population of 4,965 people located in the southwestern part of Sicily.
Seventy-nine outbreak cases were reported in the municipality area in 2 days, March 3 and 4. Shared events involving meals were ruled out by interviewing the cases, but the water supply of Santo Stefano di Quisquina was reported to be regularly used for drinking by the local population. Heavy rain was reported in the area just before the outbreak, suggesting that the risk of infiltration of contaminated superficial waters into the well and springs of the municipal service should be considered. As the initial information pointed towards drinking water as the most likely source of the outbreak, the inhabitants were informed that a suspected waterborne outbreak was involving the municipality. On March 4, 2011, the use of municipal drinking water was restricted (consumption was allowed only to wash and cook after boiling) and alternative water supplies were provided to the population for drinking (bottled water).
Chlorine concentration of the water supply was also increased from the original 0.2 mg/L, corresponding to the concentration currently recommended for waters intended for human consumption in Italy, to 0.4 mg/L, assuming this level could be recommended as safe during the outbreak. This increased level of chlorine was maintained through the whole surveillance period.
Investigations were started to identify the causative agents, the extent of the outbreak and the source of infection.
Epidemiological investigation
In this study we defined a probable outbreak case as a person who fell sick with vomiting (>1 episode/day), diarrhea (>3 increased from the initial 310-400 mL to 10 L when the viral etiology of the enteritis outbreak was defined.
Places, times, and volumes of the water samplings are shown in Table 2 . 
RESULTS
In total, 156 inhabitants of Santo Stefano di Quisquina were defined as probable cases of the AGE outbreak described in this investigation according to the criteria for outbreak case definition. Figure 1 shows the epidemic curve with probable cases by date of onset of symptoms. The attack rate for the inhabitants to advise the population to drink bottled water or boil the municipal water before use.
Regular water sampling and testing was started to monitor the effectiveness of the control measures implemented.
From March 4 to May 11 of 2011, 42 water samples were collected from the well, the springs, the reservoirs, and several sites of distribution of the municipal water system Agrigento, Italy. Cases were distributed uniformly throughout the municipality jurisdiction ( Figure 3 ). All age groups were affected, with a slightly higher prevalence of cases among children older than 4 years, adolescents and young adults up to 24 years. The timing and geographical distribution of the cases suggested that the outbreak could be linked to the municipal drinking water (Figures 1 and 3) .
In a recent systematic review of the epidemiological characteristics of NoV outbreaks, the median primary attack rate in waterborne outbreaks was estimated to be 38% (28-64%) (Matthews et al. ) . Thus, the attack rate in the present outbreak appears to be unexpectedly low considering its likely waterborne transmission route. However, as mentioned previously, only a passive case search was performed, which may have led to a significant underestimation of cases (Matthews et al. ) . Moreover, GII.4 outbreaks have been reported to be generally associated with lower attack rates when compared to other genotypes (Noda et al.
).
The rather homogeneous attack rates observed throughout all age groups are consistent with the exposure of the entire population to a contaminated common source such as water from the municipal distribution system. Normally, exposure of a whole community to common pathogens is likely to produce more cases in the lower age groups, due to either lack of prior pathogen-specific immunity or to higher susceptibility of younger individuals to low infectious doses of the pathogen. In our survey children over 4 years, adolescents and young adults showed the highest attack rates. The younger children (0-4 years) were affected to a lesser extent (2.45% attack rate), which may be correlated with limited drinking of tap water by children of very small age, who are normally given bottled or boiled water to drink. An association of drinking water exposure with the occurrence and severity of gastroenteritis symptoms was impossible to evaluate since more than 90% of the cases reported drinking municipal water regularly. To confirm the origin of the epidemic with microbiological evidence, stool samples from patients and water samples, including raw 
